blood concentrate under a restrictive regimen. Conclusion: The results of this systematic review do not suggest an increased risk associated with either a restrictive or a liberal transfusion regimen in patients undergoing major orthopaedic surgery.
Introduction
During the past 10 years, there was growing concern regarding potential risks associated with blood transfusions apart from the transmission of infectious agents. Benefits and risks of red blood cell (RBC) concentrate transfusion have intensively and controversially been discussed in various publications [1] [2] [3] [4] . The occurrence of well-known serious adverse reactions (transfusion-related infection, haemolysis, allergic reaction, transfusion-related acute lung injury (TRALI) etc.) as well as the potential risk of suspected adverse reactions (immunological reaction, oncologic diseases, organ failure etc.) has been emphasised by several authors [2, [5] [6] [7] [8] .
Discussions are ongoing with respect to appropriate blood transfusion strategies balancing benefits and risks and defining adequate indications and appropriate thresholds for the transfusion of allogenic RBCs [5, 9] .
In 2014, the German Medical Association (GMA) published an updated version of their cross-sectional guidelines applicable for therapy with blood components and plasma derivatives [10] . According to this GMA guideline, only haemoglobin (Hb) blood levels 6 g/dl are an absolute indication for transfusion of RBCs. Above this level, the indication for RBC transfusion depends on pre-existing risk factors (e.g. coronary artery disease), and a clear Keywords Erythrocyte transfusion · Haemovigilance · Immunomodulation · Non-haemolytic transfusion reactions · Peri-operative period · Restrictive and liberal transfusion regimes · Systematic review · Meta-analyses Summary Background: Benefits and risks of liberal and restrictive transfusion regimens are under on-going controversial discussion. This systematic review aimed at assessing both regimens in terms of pre-defined outcomes with special focus on patients undergoing major orthopaedic surgery. Methods: We performed a literature search for mortality, morbidity and related outcomes following peri-operative blood transfusion in patients with major orthopaedic surgery in electronic databases. Combined outcome measure estimates were calculated within the scope of meta-analyses including randomised clinical trials comparing restrictive versus liberal blood transfusion regimens (e.g. MH risk ratio, Peto odds ratio). Results: A total of 880 publications were identified 15 of which were finally included (8 randomised clinical trials (RCTs) with 3,693 patients and 6 observational studies with 4,244,112 patients). Regarding RCTs, no significant differences were detected between the transfusion regimes for all primary outcomes (30-day mortality, thromboembolic events, stroke/transitory ischaemic attack, myocardial infarction, wound infection and pneumonia) and a secondary outcome (length of hospital stay), whereas there was a significantly reduced risk of receiving at least one red recommendation to avoid transfusion in patients without any further risk factors is given. For Hb levels ranging 8 to 10 g/dl, RBC transfusion is only indicated in patients with symptoms of anaemic hypoxia (e.g. tachycardia, hypotension, transient ischaemic ECG changes etc.) [10] .
Patients undergoing procedures in orthopaedic surgery for total hip arthroplasty (THA), total knee arthroplasty (TKA) or hip fracture surgery are the major recipients of allogenic blood transfusion in elective non-cancer surgery. Orthopaedic surgery procedures account for up to 10% of the RBCs transfused during surgical procedures [11] . The need for an increased transfusion rate grounds in the target organ 'bone' which tends to bleed heavily and bleeding is sometimes difficult to control due to its diffuse nature (in contrast to distinct bleedings from blood vessels). Furthermore, the typical population undergoing these procedures is mainly elderly with significant cardiovascular co-morbidity and of female gender which is associated with lower Hb levels and less blood volume.
In the two past decades, clinicians primarily followed two blood transfusion strategies: a more restrictive regimen setting the low Hb threshold value at 8 g/dl and a more liberal one establishing the Hb threshold value at 10 g/dl. In addition, several blood-sparing techniques have been implemented, e.g. pre-donation of autologous blood, intra-operative blood cell saving and post-operative wound blood salvage for the purpose of reducing the need for allogenic blood transfusions.
Advocates of the more liberal regimen emphasise the benefits of RBC transfusions such as increase of oxygen supply, greater circulatory stability and a shorter rehabilitation period, whereas supporters of a restrictive strategy focus on potential risks such as increase of post-operative infection rate, increase of cardiovascular events (in particular, increase of thromboembolic events (TEE)), increase in length of stay (LOS) and last but not least a substantial increase in mortality [12] [13] [14] [15] .
In view of the above, it is deemed important to identify parameters of a safe use of both restrictive and liberal transfusion regimens in patients with orthopaedic surgery.
This systematic review aims at assessing the risk of peri-operative blood transfusion in patients undergoing major orthopaedic surgery. In our meta-analyses we focussed on a comparison between restrictive and liberal RBC transfusion strategies.
Material and Methods

Protocol and Registration
The study methodology was pre-specified and a protocol registered on PROSPERO (www.crd.york.ac.uk).
Information Sources
Records were identified by searching electronic databases. Articles from scanning reference lists of papers and reviews were also considered. The search was applied in Medline, Cochrane Central Register of Controlled Trials, Cochrane Database of Systematic Reviews, DAHTA Database, Database of Abstracts of Reviews of Effects, gms, gms Meetings, Health Technology Assessment Database, EMBASE, EMBASE Alert, ETHMED, CAB Abstracts, GLOBAL Health, BIOSIS Previews, BIOSIS Previews, ISTPB + ISTP/ISSHP and SciSearch.
Identification
The search was designed to be as sensitive as possible. No limits were applied for language.
The following search was used to identify potentially eligible reports: Search ((((orthopaedic) AND blood) AND transfusion)) AND ((((((((((((length of hospital 
Screening
Title and abstract screening were conducted independently by two individuals on all of the articles retrieved during the search. Only references that both reviewers agreed to be not relevant to the review were excluded.
Screening questions were: -Is this a primary study? -Was blood product administered peri-operatively in patients undergoing orthopaedic surgery? -Did the study examine the risk of blood transfusion? -Was the publication date within the period 1995-2015?
Full texts for the remaining references were obtained.
Eligibility Check
The obtained full texts were independently checked for eligibility by two individuals according to the criteria specified below: -Design: Randomised controlled trial (RCT) / prospective non-randomised interventional study / cohort/ case-control / cross-sectional / case series / signal detection report / case report. Records that did not fulfil the eligibility criteria were excluded.
Data Extraction
Data extraction tables and forms were developed to standardise the information extracted from each of the eligible studies. Data from included records were extracted and then independently cross-checked by another individual.
Data Items
The following data from each included record were extracted: general characteristics (study design, study location(s), publication type, source of funding, possible conflict of interest, linked or duplicate publications identified by search, references identified in text that should be additionally screened), study participants (total, study population size, study population source, eligibility criteria, number of eligible subject), recruitment method, year recruitment started, year recruitment ended, number recruited, number in study arms, reason for non-response, pre-operative anaemia, pre-operative co-morbidity), study intervention (intervention type, co-intervention, period of blood transfusion, blood component specifications, timing of blood transfusion, volume of transfused blood, type of blood management, transfusion triggers), intra-operative events (duration of surgery, intra-operative complications, intra-operative blood transfusion) and outcome (outcome type, study definition of outcome, number and type of participants evaluated for this outcome, method of ascertainment of outcome, total duration of follow-up to determine this outcome, outcome measurement, occurrence of zero events).
Risk of Bias in Individual Studies
Risk of bias has been assessed for RCTs during the data extraction process by two reviewers separately, focussing on the following risks: confounding, selection, information, and reporting biases, as well as bias due to departure from intervention and missing data. The reviewers were guided by signalling questions and made a judgement on the level of each type of bias found within the RCT. We completed a 'Risk of bias' table for each RCT. Regarding observational studies no formal bias assessment was performed due to the strictly observational approach which implies considerable bias risks per se that can be ascribed to a lack of control for potential influencing factors according to a predefined study protocol.
Statistical Analysis
With respect to the outcomes RBC transfusion, 30-day mortality, TEE, stroke/ transient ischemic attack (TIA), cardiovascular event/death, myocardial infarction, wound infection and pneumonia, the Maentel-Haenzel risk-ratio (MH (RR)) with corresponding 95% confidence intervals (CI) was calculated for each RCT comparing a restrictive versus a liberal blood transfusion regimen. When the event rate was low, we considered using the Peto odds ratio as effect measure when criteria for this method were fulfilled. With respect to LOS, the difference of means and 95% CI were computed for each RCT comparing a restrictive versus a liberal blood transfusion regimen.
Sensitivity Analyses
Meta-analyses were repeated with exclusion of one RCT [14] in order to assess the effect of selective inclusion of patients with pre-existing cardiovascular disease and/or cardiovascular risk factors.
Data Synthesis
Regarding qualitative outcomes, meta-analyses were performed calculating a pooled MH RR with corresponding 95% CI for clinical studies comparing a restrictive versus a liberal blood transfusion regimen. We calculated pooled Peto odds ratios for outcomes with event rates less than 1%. With respect to continuous outcomes, the pooled difference of means and 95% CI were computed for RCTs comparing a restrictive versus a liberal blood transfusion regimen within the scope of a further meta-analysis. Except for outcomes with Peto odds ratio used as effect measure, data were analysed using a random-effects model because of the anticipated clinical heterogeneity of the studies. For each meta-analysis performed, a forest plot was provided. For observational studies, no data synthesis was performed due to the lack of comparable interventions and outcomes precluding the calculation of combined estimates.
Heterogeneity
Heterogeneity was assessed using the Q-test which informs about the presence versus the absence of heterogeneity and the I² statistic quantifying the extent of heterogeneity [16] . In addition, as an estimate of the between-study variance in a random-effects meta-analysis, tau-squared (τ 2 ) was computed.
Statistical Software
The meta-analyses were performed using the software Comprehensive Meta-Analysis, version 2.2.064 (Biostat, Englewood, NJ, USA).
Results
The literature search retrieved 869 publications ( fig. 1 ). Eleven publications were additionally found in references, so a total of 880 publications were identified. Eight duplicates were removed leaving 872 publications screened by 2 independent medical reviewers according to pre-specified eligibility criteria. 775 publications were excluded due to the unavailability of the full text, a publication date prior to 1995, or a study population not having undergone arthroplasty/major orthopaedic surgery, or because studies did not analyse different blood transfusion regimens or were literature reviews or scientific communication referring to publications. The remaining 97 publications were checked for eligibility by abstract and full text review.
Following a second check for eligibility, further 82 records were excluded because they referred to meta-analyses or case reports, or focused on history or economic impacts of different transfusion regimens.
15 publications referring to 14 studies (8 RCTs, 6 observational studies) were finally included in the systematic review. Within the RCT group, two publications [17, 18] referred to the same RCT but highlighted different aspects warranting the inclusion of both.
The included 8 RCTs (table 1) performed between 2000 and 2013 (thus comparable RBC standards may be assumed, (e.g. leucocyte-reduced RBCs) differ regarding sample size and study population.
In the 8 RCTs, 1,848 participants were randomised to the restrictive transfusion regimen with Hb blood threshold < 8 g/dl and 1,845 participants to the liberal transfusion regimen with Hb blood threshold > 8-10 g/dl. The mean age of participants was similar across all trials, ranging from 70 to 86 years. In the majority of the clinical trials gender distribution was skewed towards female participants (72.2%), only 3 clinical trials showed a balanced gender ratio.
In the observational studies, the mean age ranged from 64 to 85 years and, like in the RCTs, females (64%) clearly outweighed males.
For most of the RCTs, risk of bias was rated low for the main criteria: confounding, selection, departure from intervention, information, missing data and conflict of interest. Only a few moderate ratings occurred: for confounding [19, 20] , selection [19] , information [15, 20, 21] , missing data [22, 23] , and departure from interventions [19] [20] [21] . Overall, the RCTs performed by Parker [19] and Fan et al. [20] received 3 moderate ratings each.
Six observational studies which showed considerable heterogeneity regarding protocol, study period, population size, interventions and outcomes were included (table 2). Two publications, same first author: [15] post-hoc analysis based on the same data with evaluation of additional outcomes. 
Outcome Analyses RCTs
Risk of Receiving a RBC Transfusion
Regarding the risk of receiving a RBC transfusion, 6 RCTs were analysed including 3,191 participants -1,595 patients in the restrictive and 1,596 in the liberal transfusion regimen group ( fig. 2) . Likelihood of receiving a transfusion was statistically different between the 2 transfusion regimens (RR 0.47, 95% CI 0.33-0.67, Z = -4.11, p < 0.01) in favour of the restrictive group. For this group likelihood to receive a transfusion was about 50% decreased compared to the patients of the liberal group. Heterogeneity between the trials was also statistically significant (Q = 53.64, df = 5, p < 0.01, I 2 = 90.68, τ 2 = 0.17).
30-Day Mortality
For the evaluation of 30-day mortality, data of 6 RCTs were included. However, in the study by Nielsen et al. [21] , no fatalities occurred within the 30-day range so that the RR has been calculated based on 5 RCTs including 3,157 participants reporting events for this outcome in at least one study group ( fig. 3) . No significant difference was found between the restrictive and liberal transfusion strategies (RR 0.98, 95% CI 0.43-2.27, Z = -0.04, p = 0.97). This result was supported by a sufficient homogeneity of study data (Q = 5.67, df = 4, p = 0.22, I 2 = 29.49 τ 2 = 0.28).
Risk of TEE
Seven RCTs reported data for TEE in 3,409 participants ( fig. 4) . Though, in 5 out of the 7 RCTs, more TEE occurred in the liberal transfusion group, the absolute number of those events was low, with the difference between the groups being negligible. Consequently, no difference was found between the restrictive and liberal transfusion strategies (RR 0.76, 95% CI 0.41-1.41, Z = -0.88, p = 0.38) in terms of this outcome. Data are supported by a low degree of heterogeneity (Q = 2.05, df = 6, p = 0.92, I 2 = 0.00, τ 2 = 0.00).
Risk of Stroke / TIA
Regarding stroke and TIA, data of 2,522 participants from 4 RCTs were analysed ( fig. 5 ). The majority of events occurred in the trial of Carson et al. [14] that reported 5 stroke events for the liberal group, whereas only 1 event was reported for the restrictive group. Though the forest plot reflects a trend towards a higher rate in patients with a liberal transfusion regimen, no significant difference was confirmed (RR 0.36, 95% CI 0.12 to 1.13, Z = -1.75, p = 0.08) on the basis of a low degree of heterogeneity (Q = 0.99, df = 3, p = 0.80, I 2 = 0.00, τ 2 = 0.00). [26] >1995 to <2000 Total number of participants without participants of Friedmann study due to lack of information.
* number of centres not available.
Risk of Myocardial Infarction
Regarding myocardial infarction, no significant difference between the restrictive and liberal transfusion strategies was demonstrated (RR 1.55, 95% CI 0.95-2.53, Z = 1.74, p = 0.08). On the basis of 4 RCTs with 2,540 participants, 39 patients with a restrictive regimen and 25 patients with a liberal regimen developed a myocardial infarction within 30 days after transfusion ( fig. 6 ). No distinct heterogeneity restricts the statistical analysis (Q = 2.04, df = 3, p = 0.57, I 2 = 0.00, τ 2 = 0.00).
Of note, the statistical significance in favour of the liberal regimen was rather narrowly missed (p = 0.08) like in the trial by Carson et al. [14] (p = 0.05). However, in the trial of Carson et al. [14] that contributes with the highest relative weight (relative weight: 92.9%), included only participants indicative of a history of cardiovascular disease. To evaluate the actual impact of selection bias, a sensitivity analysis was performed with this trial removed (see below).
Risk of Wound Infection
Seven RCTs reported data for wound infection, but in Parker et al. 2013 [19] no events were reported, leaving 6 trials with 3,209 patients ( fig. 7) . There was no difference between the restrictive and liberal transfusion strategies (RR 0.58, 95% CI 0.33-1.02, Z = -1.90, p = 0.06) though a trend in favour of the restrictive regimen 
Risk of Pneumonia
Seven RCTs reported data for pneumonia in 1,677 participants ( fig. 8 ). There was no difference between the restrictive and liberal transfusion strategies (RR 0.82, 95% CI 0.46-1.46, Z = -0.67, p = 0.51) in terms of this outcome. This result was supported by a sufficient homogeneity of study data (Q = 2.38, df = 6, p = 0.88, I 2 = 0.00, τ 2 = 0.00).
LOS
Regarding the parameter LOS, data of 5 RCTs with 3,125 participants were included in the meta-analysis ( fig. 9 ). There was no difference between the restrictive and liberal transfusion strategies (difference in means 0.01, 95% CI, -0.49 to 0.50) in terms of this outcome. Heterogeneity between these trials was not statistically significant (Q = 2.80, df = 4, p = 0.59, = 0.00, τ 2 = 0.00)
Sensitivity Analyses
By excluding the trial of Carson et al. [14] which selectively investigated a subpopulation of orthopaedic surgery patients (subjects with pre-existing cardiac disease and/or with cardiovascular risk factors) and which was the study with the highest relative weight in the meta-analysis, the combined results did not change except for the outcome 'myocardial infarction' where the combined estimate was shifted in favour of the restricted transfusion regimen (combined RR 0.69, 95% CI 0.11 to 4.34, Z = -0.40, p = 0.69), with heterogeneity remaining negligible (Q = 1.23, df = 2, p = 0.54, I 2 < 0.00, τ 2 < 0.00).
Risk of Bias
Overall, the risk of bias for the RCTs was rated low. However, for some studies it deviated from a low rating in single categories (table 3) .
Outcome Analyses for Observational Studies
The 6 observational studies included in this systematic review compared various transfusion regimens: autologous pre-donation versus allogenic transfusion [25] , autologous pre-donation plus peri-operative cell-saving methods versus allogenic transfusion regimen [26] , allogenic transfusion versus no transfusion [27, 30] , allogenic transfusion versus autologous transfusion [28] and allogenic versus autologous versus no transfusion [29] .
The following outcomes were evaluated: 30-day mortality [30] , TEE [25, 26] , myocardial infarction [30] , wound infection (all), pneumonia [29] , and LOS [25, 26, 28, 30] . 
Risk of 30-Day Mortality
The only observational study which analysed 30-day mortality was performed by Klika [30] . No significant difference between transfused and non-transfused patients (not further specified in allogenic/autologous or in terms of transfusion regimen) was found.
Risk of TEE
Three studies analysed this outcome. Bierbaum et al. [25] found no association between the transfusion of blood components and incidence of TEE. In contrast, Borghi et al. [26] observed a higher incidence in patients transfused with allogenic blood transfusions compared to those who received autologous transfusions. Within the scope of a retrospective database analysis, Klika et al. [30] reported adjusted ORs of 1.77 and 1.56 for pulmonary embolism and venous thrombosis, respectively, associated with allogenic blood transfusion.
Risk of Myocardial Infarction
Only 1 study analysed this outcome. Borghi et al. [26] reported a higher incidence of myocardial infarction in the allogenic transfusion group.
Risk of Wound Infection
All observational studies analysed this outcome and all found a higher incidence for the allogenic transfusion group compared to the autologous transfusion group and no transfusion. The lowest infection rates were recorded for patients that received either autologous or no transfusion.
Risk of Pneumonia
One study, Friedman et al. [29] reported an increased incidence of pneumonia for allogenic transfusion compared to autologous or no transfusion, with the lowest risk associated to the no transfusion group.
Risk of LOS
Four out of the 6 observational studies (Bierbaum et al. [25] , Borghi et al. [26] , Rosencher et al. [28] , Klika et al. [30] ) analysed the outcome LOS. All found significant differences in favour of the no transfusion group and the non-allogenic transfusion group. Rosencher et al. [28] separately analysed the LOS for autologous transfusion versus allogenic transfusion and no transfusion and found a significant difference in favour of the autologous group.
Combined effect size calculations were not applicable for the outcomes discussed.
Discussion
In our systematic review, we analysed the short-term effects (up to 30 days) of RBC transfusion in patients with major orthopaedic surgery. We included 8 RCTs and compared associated adverse reactions following restrictive versus liberal transfusion strategies. Furthermore, 6 observational studies were reviewed. 
Primary Outcomes
In the meta-analyses for primary outcomes, no significant differences were detected between restrictive and liberal transfusion regimens. Statistical analysis did not indicate any differences for three parameters: risk of 30-day mortality, TEE and pneumonia. Regarding cardiovascular events, a (small) difference was demonstrated in advantage of the liberal transfusion regimen (p = 0.08). In contrast, events of stroke/TIA and wound infection occurred less often under a restrictive transfusion regimen (p = 0.08 and p = 0.06).
Of note, our findings are supported by two recently published systematic reviews with meta-analyses on blood transfusion regimens within the scope of major orthopaedic surgeries [31, 32] that did not find significant differences between the restrictive and the liberal treatment regimen regarding primary outcomes either.
Regarding myocardial infarction, in our analysis the trend in favour of the liberal regimen was predominantly influenced by the trial of Carson et al. [14] . When removing this study from the meta-analysis, the combined estimate was shifted in favour of the restrictive transfusion regimen. Within the scope of a Cochrane systematic review, Carson et al. [33] concluded 1 year later that a lower Hb threshold (between 7 and 8 g/dl) can be regarded safe nevertheless emphasising that for high-risk patients, e.g. those with acute coronary syndrome or acute renal failure, effects of a restrictive regimen had not been investigated yet. For these subgroups, evidence is still lacking from RCTs supporting a restrictive regimen, and for the time being, it may perhaps be advisable to apply a more liberal transfusion regimen. Our analysis supports the view that particularly in patients with cardiovascular risk factors a more cautious approach is warranted. Considering the meta-analysis for the outcome stroke/TIA, the observed trend in favour of a restrictive transfusion regimen was also mainly influenced by the trial of Carson et al. [14] . However, removing these data only marginally changed the combined estimate.
Secondary Outcomes
LOS did not differ between the two regimens (p = 0.98). The average LOS varied for the restrictive regimen from study to study between 7.3 days and 23.3 days and for the liberal regimen between 7.5 and 21.8 days with the wide range reflecting strong regional differences in health care.
The only relevant difference was confirmed for the probability of receiving at least one RBC transfusion which was significantly increased in the liberal transfusion group. Of note, we identified a 50% reduction in the risk of receiving RBCs in the restrictive regimen group (in line with Mitchell et al. [32] . Under this aspect, restrictive guidelines definitely contribute to a more conscious use of RBCs without reducing the standard of patient care.
Potential Biases and Limitations
Duration of follow-up varied across the RCTs, was sometimes unclear [15, 20] or was not reported [23] ; thus the risk of bias from missing data was rated as moderate.
In 2 studies [19, 20] , relevant confounders were not measured or not appropriately analysed, thus a moderate risk for confounding bias cannot be excluded.
In 1 study [21] RBC transfusion was occasionally not performed according to protocol (in the liberal group in 3 patients; in the restrictive group in 6 patients). In another study, patients received not only RBCs but also fresh frozen plasma (FFP) [20] . In these studies, a risk for information bias cannot be excluded. In 1 study, the eligibility criteria were not clearly specified [19] and thus were open for interpretation which may have caused uncontrolled selection bias.
One study [14] was exclusively performed in patients with cardiovascular disease or with cardiovascular risk factors. To exclude selection bias in our systematic review, we performed a sensitivity analysis: By removing this study with selective inclusion of patients with pre-existing cardiac disease and/or cardiovascular risk factors [14] , the combined estimates were not changed except for the outcome 'myocardial infarction' for which the combined estimate was shifted in favour of the restrictive regimen.
For the majority of RCTs, the main risks of bias were rated low. With respect to the trial of Carson et al. [14] , the risk of selection bias was assessed as moderate due to the exclusive inclusion of patients with cardiovascular co-morbidity. For the trial of Fan et al. [20] , the risks of confounding bias and bias due to departure from intervention were both rated as moderate, since patients in the restrictive treatment arm received more hydroxyethyl starch and Ringer lactate to achieve hemodynamic stability, whereas patients in the liberal arm more often received FFP. Moderate risks for confounding bias, selection bias and bias due to departure from intervention were detected in the trial of Parker [19] .
When looking at the restrictive and liberal transfusion regimens, it should also be considered that the transfusion thresholds markedly varied between different RTCs. In 4 trials [14, 15, 20, 23] , the thresholds in the restrictive and liberal regimens were at a comparable Hb level <8 g/dl and 10 g/dl, respectively. However, in 1 RCT [17, 18] , the threshold was defined by an individual risk-based approach depending on patient's age group, individual risk factors and the time that has passed since surgery; moreover, the 'standard of care' protocols (protocol B) markedly differed between the participating centres. For the restrictive protocol (new policy protocol A), the lowest threshold for transfusion defined for the youngest patient group with no cardiovascular risk factors (<50 years) was 6.4 g/dl, which was identical with the 'standard of care protocol' threshold (Hb 6.4 g/dl) for ASA I patients in hospital 1. Standard of care protocol B and restrictive protocol A were also overlapping in terms of transfusion thresholds in the peri-operative phase in two of three participating centres.
Heterogeneity was not an issue in the majority of meta-analyses (7/8), whereas a statistically significant heterogeneity was detected for the secondary outcome 'risk of receiving any RBC transfusion' (Q = 53.64, df = 5, p < 0.01, I 2 = 90.68, τ 2 = 0.17).
Regarding the 6 observational studies, various transfusion regimens were addressed, including the use of autologous blood. The analysis of these data led to remarkable results regarding 'infection' and 'LOS'. For both outcomes, data analysis revealed advantages for no transfusion as compared to autologous and allogenic transfusion, with autologous transfusion being superior to allogenic transfusion. However, due to the limited control of bias, these findings should be interpreted with caution.
Current Guidelines
Restrictive transfusion thresholds as applied in most of the analysed RCTs (Hb threshold < 8 g/dl) are comparable to those recommended by the German Medical Association in the 'Cross-Sectional Transfusion Guidelines for Therapy with Blood Components and Plasma Derivatives' (4th revised edition) [10] which recommends transfusion during acute blood loss mandatorily only for Hb levels below 6 g/dl and between 6 and 8.0 g/dl depending on the patient's risk profile.
Currently available data from RCTs do not support stricter guidelines. Publications aiming at safety of patients under a strict patient blood management regimen are often based on retrospective data [5] Furthermore, low-risk patients are often included for which patient blood management does not apply, resulting in a significant selection bias. Moreover, the lack of randomisation and of adjustment for risk factors is a significant source of confounding. Patient blood management tools based on restrictive transfusion policies enable recording of treatment patterns as well as detection of misuse and may also sensitise physicians for this topic. However, it should not be over-interpreted as a gold standard for risk minimisation. Under this aspect, any transfusion policy should allow for individual solutions in patients with specific risks.
Conclusion
Based on data originating from 8 RCTs, the results of this systematic review do not suggest an increased risk associated with either a restrictive or a more liberal transfusion regimen in patients undergoing major orthopaedic surgery which is in line with previous publications on this topic, including the 2015 Cochrane review on hip fracture surgery patients by Brunskill et al. [13] and the aforementioned systematic reviews published in 2017 [31, 32] . In this context, it is important to realise that our findings cannot easily be transferred to lower thresholds. Indeed, they apply only to the thresholds used in the clinical trials that were included in our meta-analyses. For patients with cardiovascular risk factors, a more liberal transfusion regimen might be advisable, whereas patients with history of stroke/TIA might benefit from a restrictive transfusion regimen. The German transfusion guidelines [10] do reflect the current scientific knowledge. No further or more restrictive recommendations are currently warranted.
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